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Unilateral atrophic kidney
in a 45-year-old woman

A 45-year-old woman with a history of hyper-
tension and ischemic stroke at age 26 presented 

to the emergency department with right-sided fl ank 
pain, which had started 2 days earlier. The pain was 
constant, sharp, nonradiating, worse with movement 
and coughing, and severe enough to limit ambulation 
and induce nausea and vomiting. She said she had not 
recently been injured. 

She also reported that for 5 years she has had inter-
mittent left-sided low back pain that radiates to her 
left foot. Earlier imaging of the lumbar spine showed 
spinal stenosis and L1-L2 vertebral disc extrusion. 

Her hypertension was diagnosed 20 years ago, and 
she said she adhered to her antihypertensive regimen 
of amlodipine 10 mg and hydrochlorothiazide 25 mg 
daily. She previously took lisinopril, but it was discon-
tinued because it made her cough.

The etiology of her prior stroke was undetermined. 
The patient had never been diagnosed with diabetes 
mellitus, atrial fi brillation, coronary artery disease, 
or peripheral vascular disease, but had been actively 
smoking cigarettes since age 30 (10 pack-years). She 
reported no residual defi cits from her stroke.

 ■ INITIAL EVALUATION AND MANAGEMENT

Her blood pressure was 196/106 mm Hg, pulse regular 
at 75 beats per minute, temperature 37.5°C (99.5°F), 
and oxygen saturation between 95% and 100% while 
breathing room air. She did not appear to be in dis-
tress. Pulses were slightly diminished throughout her 
body, rated 2+ on a scale of 0 to 4+, and there was 
no carotid bruit. Heart sounds S1 and S2 were normal, 
there were no murmurs, and the point of maximal 
impulse was not displaced.

Findings on respiratory and abdominal exam-
inations were normal. Her right lumbar region was 
tender to palpation, but not the costovertebral 
angle. Her extremities were without edema, joints 
were without synovitis, and ranges of motion were 
within normal limits. The cranial nerves were intact, 
and sensory and motor examinations had no focal 
fi ndings. 

Laboratory test results
 Results of blood testing were as follows:
• White blood cell count 6.16 × 109/L (reference 

range 3.70–11.0)
• Hemoglobin 14.5 g/dL (12.3–15.3)
• Hematocrit 40.5% (36.0%–46.0%)
• Platelet count 290 × 109/L (150–400)
• Sodium 135 mmol/L (136–144)
• Potassium 2.4 mmol/L (3.7–5.1)
• Chloride 96 mmol/L (97–105)
• Bicarbonate 27 mmol/L (22–30)
• Creatinine 0.90 mg/dL (0.58–0.96; previous val-

ues ranged from 0.75–0.96 mg/dL over a period of 
10 years)

• Estimated glomerular fi ltration rate (eGFR) 89 
mL/min/1.73 m2

• Calcium 9.5 mg/dL (8.5–10.2)
• Albumin 4.4 g/dL (3.9–4.9)
• Alkaline phosphatase 101 U/L (34–123)
• Total bilirubin 0.4 mg/dL (0.2–1.3)
• Alanine aminotransferase 9 U/L (7–38)
• Asparate aminotransferase 22 U/L (13–35).

Urinalysis with microscopic examination showed 
the following: 
• Clear
• Hemoglobin negative
• Red blood cells 0–3 per high-power fi eld (0–4)
• White blood cells 0–5 per high-power fi eld (0–5)doi:10.3949/ccjm.89a.21015
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• Protein 1+ on a scale of trace to 4+
• Urine sediment negative for casts
• Random urine protein-to-creatinine ratio 0.52.

Results of additional testing were as follows:
• Urine toxicology screen positive for cannabinoids, 

negative for amphetamines and cocaine
• Plasma aldosterone concentration 16.2 ng/dL 

(3.1–35.4)
• Plasma renin concentration 103.1 pg/mL (2.5–

81.6) 
• Serum am cortisol 5.4 μg/dL (5.3–22.5).

Comment. These laboratory results reveal hypo-
kalemia, normal renal function, and elevated renin. 
The urine toxicology screen and aldosterone, renin, 
and cortisol levels were obtained as part of a sec-
ondary hypertension workup. The hypokalemia was 
attributed to elevated renin.

A new fi nding on imaging
The patient’s pain was initially believed to be mus-
culoskeletal, so she was given acetaminophen, cyclo-
benzaprine, and a lidocaine patch. However, this gave 
only minimal relief, prompting computed tomography 
(CT) of the abdomen and pelvis with intravenous 
contrast to look for other causes.

CT showed that the right kidney measured only 6.2 
cm in length, while the left kidney was 10.2 cm. This 
was new: 1 year earlier, the right kidney had measured 
10.1 cm (Figure 1). There were no acute radiographic 
abnormalities in the lumbar spine or visceral organs. 
Even though the study was not tailored to evaluate 

the renal arteries, it showed the right renal artery to be 
very narrow in caliber. 

The patient’s history of hypertension along with 
this new radiographic fi nding of right kidney atrophy 
with small caliber of the right renal artery raised sus-
picion for renal artery stenosis, and the patient was 
admitted for further evaluation.

■ FIBROMUSCULAR DYSPLASIA: 
A CAUSE OF RENAL ARTERY STENOSIS

1 All of the following features of our patient’s case 
raise suspicion of fi bromuscular dysplasia, except 
which one?

□ Ischemic stroke at age 26
□ Onset of hypertension before age 35
□ Unilateral atrophic kidney
□ Preserved eGFR, inactive urine sediment, and
 non-nephrotic-range proteinuria
All of the above clinical characteristics, except for 
the patient’s preserved eGFR, inactive urine sedi-
ment, and non-nephrotic-range proteinuria, raised 
our suspicion for renal artery stenosis due to fi bromus-
cular dysplasia. This is because several other causes of 
secondary hypertension, including primary aldostero-
nism, atherosclerotic renal artery stenosis, pheochro-
mocytoma, hypercortisolism, hypothyroidism, and 
primary hyperparathyroidism, are also characterized 
by preserved kidney function and a relatively bland 
urinalysis.

Figure 1. (A) At presentation, computed tomography showed the right kidney (arrow) measuring only 6.2 
cm. (B) One year earlier, the right kidney (arrow) had measured 10.1 cm.
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The narrowing of the patient’s right renal artery 
could have been due to several pathologic processes, 
including stenosis or dissection. Renal artery stenosis 
and dissection may have similar clinical manifesta-
tions including progressive renovascular hyperten-
sion, changes in kidney function, and symptoms of 
kidney infarction such as fl ank pain.1 Therefore, a 
defi nitive diagnosis cannot be discerned until addi-
tional imaging studies are performed.2

Atherosclerotic disease is the most common cause 
of renal artery stenosis, accounting for up to 90% of 
all cases.3 

Fibromuscular dysplasia, the second most common 
cause, is a noninfl ammatory vascular disorder affect-
ing multiple arterial beds.4 In addition to stenosis, it 
can cause aneurysm and dissection.5 It mainly affects 
the renal arteries and extracranial cerebrovascular 
arteries, and nearly half of patients may have disease 
in more than 1 site.6

Fibromuscular dysplasia commonly manifests as 
hypertension, fl ank pain, headache, tinnitus, neck 
pain, and stroke, refl ecting involvement of the afore-
mentioned arteries.7,8 Transient ischemic attack and 
stroke are due to complications such as aneurysm rup-
ture, dissection, or cerebral thromboembolism.9 Our 
patient’s history of ischemic stroke at age 26 without 
traditional risk factors for atherosclerosis aside from 
hypertension, and in the absence of atrial fi brillation, 
points to fi bromuscular dysplasia.

The patient’s early onset of hypertension made 
us suspect renovascular hypertension rather than 
primary hypertension. Renal fi bromuscular dysplasia 
causes renovascular hypertension through decreased 
renal perfusion leading to activation of the renin-an-
giotensin-aldosterone system with subsequent sodium 
and water retention. These effects are prominent in 
patients with a solitary functioning kidney or with 
bilateral involvement. There are also downstream 
effects: increased intrarenal prostaglandin concentra-
tions, increased sympathetic nervous system activity, 
and decreased nitric oxide production. Flank pain, 
renal infarction, and eventually, atrophic kidneys 
can manifest later in the disease with development 
of active renal ischemia, aneurysm rupture, or renal 
artery dissection.

In adults, kidney size is clinically less relevant 
than kidney function. Atrophy is usually defi ned as 
a reduction in kidney length of more than 1 cm,10,11 
and this patient’s right kidney had decreased in size by 
almost 4 cm, to less than 7 cm. Although our patient 
does have some atherosclerotic risk factors (hyper-
tension and tobacco use), her history of ischemic 

stroke at age 26 expanded the differential diagnosis to 
include nonatherosclerotic causes of kidney atrophy, 
especially fi bromuscular dysplasia. In addition, smok-
ing increases the risk of developing atherosclerosis as 
well as fi bromuscular dysplasia.12

 ■ DIAGNOSIS OF RENAL ARTERY STENOSIS

2 What would be the best initial diagnostic test for 
renal artery stenosis in this patient?

 □ CT angiography
 □ Duplex ultrasonography 
 □ Magnetic resonance angiography 
 □ Digital subtraction angiography

Noninvasive diagnostic testing for renal artery steno-
sis with CT angiography, magnetic resonance angiog-
raphy, or duplex ultrasonography should be pursued 
if clinical fi ndings suggest the patient’s hypertension 
may be due to renovascular disease.

Atherosclerotic disease is the most common 
cause of renal artery stenosis, accounting for up 

to 90% of all cases

CT angiography and magnetic resonance angi-
ography are highly sensitive and specifi c for diag-
nosing atherosclerotic renal artery stenosis and are 
preferred over duplex ultrasonography, especially 
in patients with normal renal function, as they 
involve the use of contrast media.13,14 Duplex ultra-
sonography has lower spatial resolution and is highly 
operator-dependent.13,14 

However, we suspected our patient had fi bro-
muscular dysplasia, which frequently involves 
distal renal arterial segments. Although CT angi-
ography has respectable diagnostic accuracy for 
fi bromuscular dysplasia involving the main renal 
arteries,15 both CT angiography and magnetic res-
onance angiography have low sensitivity, ranging 
from 22% to 28%, for detecting distal disease in the 
intrarenal portion of the renal artery.16,17 Duplex 
ultrasonography can detect increased blood fl ow 
velocities and hemodynamically signifi cant ste-
notic lesions in the middle and distal portions of 
the renal artery, which are frequently involved in 
fi bromuscular dysplasia.18

Invasive diagnostic procedures such as digital 
subtraction angiography are warranted if a patient’s 
clinical characteristics are such that the benefi ts of a 
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potential revascularization of a stenotic lesion would 
outweigh the risks of undertaking the procedure (see 
“Indications for renal revascularization” section, 
below).19 Digital subtraction angiography is the stan-
dard and has the highest spatial resolution. It is less 
frequently performed as the initial test, but when clin-
ical suspicion is high and the results of noninvasive 
tests are inconclusive, it is recommended to establish 
the diagnosis of renal artery stenosis.20 In practice, 
it may also be performed once the diagnosis of renal 
artery stenosis is established by a noninvasive imaging 
test and revascularization is planned, after weighing 
the potential risks and benefi ts.21

For patients with diminished renal function that 
prohibits the use of radiocontrast agents, carbon 
dioxide angiography can be performed for diagnosis, 
treatment, or both,22 although its image quality is 
sometimes suboptimal.

Renal artery duplex ultrasonography suggested 
a hemodynamically signifi cant diffuse stenosis of 
the right renal artery with normal fl ow on the left

In our patient’s case, we strongly suspected renal 
artery stenosis, the potential benefi t of revasculariza-
tion was initially unclear, and the patient was at a 
high-volume medical center with expertise in duplex 
ultrasonography. For these reasons, duplex ultraso-
nography was done. However, since duplex ultraso-
nography is operator-dependent, had the patient not 
been at a facility with expertise in duplex ultrasonog-
raphy, CT angiography would have been a reasonable 
alternative.

 ■ FURTHER EVALUATION

Renal artery duplex ultrasonography suggested a 
hemodynamically signifi cant diffuse stenosis of the 
right renal artery with normal fl ow on the left.

Since imaging did not reveal a characteristic focal 
or multifocal stenotic lesion, the patient’s renal artery 
stenosis could not be defi nitively attributed to fi bro-
muscular dysplasia. Nephrologists were consulted to 
guide antihypertensive therapy, and vascular surgeons 
were consulted regarding whether the patient could 
benefi t from a revascularization procedure for renal 
artery stenosis.

We decided to perform split-function testing 
to elucidate the contribution of the patient’s right 
kidney to her total GFR. This involves injection of 
radioactive technetium 99m diethylenetriamine pen-

taacetate and subsequent imaging as the substance is 
excreted. Therefore, we did not yet start treatment 
with an inhibitor of the renin-angiotensin-aldo-
sterone system, which could have affected renal 
perfusion and confounded the results of the study. 
Instead, the patient's blood pressure was controlled 
with amlodipine 10 mg daily and hydralazine 25 mg 
twice a day. Split-function testing demonstrated that 
her left kidney was doing almost all the work, with 
the right kidney contributing only 10% of the total.

 ■ INDICATIONS FOR RENAL REVASCULARIZATION

3 Which of the following is an appropriate indica-
tion for renal revascularization for renal artery ste-
nosis due to fi bromuscular dysplasia?

 □ Multifocal fi bromuscular dysplasia with beaded
 appearance of the renal artery on angiography

 □ Systemic fi bromuscular dysplasia with involve-
 ment of multiple vascular beds

 □ Progressive renal insuffi ciency with preserved
 kidney size and diffi cult-to-control hypertension  

 □ Concomitant atherosclerotic vascular disease
Patients with renal fi bromuscular dysplasia can 
undergo renal artery revascularization if the procedure 
is necessary to prevent progressive renal loss or if it is 
likely to cure their hypertension or at least improve 
control of blood pressure. Patients are most likely to 
benefi t if they are young, have focal fi bromuscular 
dysplasia, do not have underlying atherosclerotic vas-
cular disease, have resistant recent-onset hyperten-
sion despite taking multiple antihypertensive agents, 
or have unexplained progressive renal insuffi ciency.

Managing hypertension in fi bromuscular dysplasia
In patients with renal fi bromuscular dysplasia, the 
primary goal of revascularization is to cure diffi -
cult-to-control hypertension. This is a more reason-
able goal for this patient group than for those who 
have renal artery stenosis that is due to atherosclerosis.

A meta-analysis23 of 8 randomized trials in patients 
with atherosclerotic unilateral renal artery stenosis 
found no benefi t in adding percutaneous translumi-
nal renal angioplasty to antihypertensive therapy in 
terms of relevant clinical outcomes, including end-
stage kidney disease, major adverse cardiovascular 
events, or death. 

Further, very few patients who have unilateral 
atherosclerotic renal artery stenosis are cured of 
their hypertension by undergoing percutaneous renal 
angioplasty (with cure defi ned as normalization of 

 on July 24, 2025. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


CLEVELAND CLINIC JOURNAL OF MEDICINE  VOLUME 89  • NUMBER 8  AUGUST 2022  469

SOHAIL AND COLLEAGUES

blood pressure and stopping antihypertensive ther-
apy).24,25 Rates are higher in those with unilateral 
fi bromuscular dysplasia,26,27 45% in one study.26

To date, however, no randomized trials have been 
done to study percutaneous transluminal renal angio-
plasty in patients with renal fi bromuscular dysplasia. 
The differences in pathophysiology between athero-
sclerosis and fi bromuscular dysplasia make it diffi cult 
to draw conclusions about this treatment for renal 
fi bromuscular dysplasia from data in patients with 
atherosclerotic renal artery stenosis.

Focal vs multifocal fi bromuscular dysplasia
Fibromuscular dysplasia differs according to whether 
it is focal or multifocal.

Carbon dioxide digital subtraction angiography, 
though not necessary for the initial diagnosis of renal 
fi bromuscular dysplasia, may help to classify it as focal 
or multifocal. Using this imaging, multifocal fi bro-
muscular dysplasia has a beaded appearance, whereas 
focal fi bromuscular dysplasia appears as concentric, 
smooth, band-like focal or tubular stenosis. It is sug-
gested that young hypertensive patients with focal 
fi bromuscular dysplasia should undergo revasculariza-
tion, since many of them have resistant hypertension 
and are at distinct risk of kidney atrophy.28

On the other hand, multifocal fi bromuscular 
dysplasia usually presents as hypertension that can 
typically be controlled on an average of 2 antihy-
pertensive medications.28 Studies have shown that 
there is a lower likelihood of hypertension cure 
after revascularization in patients with multifocal 
fi bromuscular dysplasia, as well as those with longer 
duration of hypertension and underlying chronic kid-
ney disease.26,29 The same can be said for extrarenal 
fi bromuscular dysplasia: renal revascularization to 
cure hypertension in fi bromuscular dysplasia is less 
successful in patients with systemic involvement of 
multiple vascular beds than in patients with isolated 
renal fi bromuscular dysplasia.30

Since the primary goal of revascularization in 
patients with fi bromuscular dysplasia is to cure diffi -
cult-to-control hypertension, revascularization may 
have a minimal role for patients with multifocal fi bro-
muscular dysplasia. 

In adults with focal fi bromuscular dysplasia, pro-
gressive renal insuffi ciency may occur secondary to 
either stenosis from intimal fi broplasia or renal artery 
dissection. Revascularization is indicated in focal 
fi bromuscular dysplasia to prevent kidney atrophy and 
chronic kidney disease.6 

Duration of hypertension is also something to 

consider. One study suggested that the blood pressure 
is unlikely to fall after renal revascularization if the 
duration of renovascular hypertension has been more 
than 5 years.31

Balloon angioplasty vs stenting
For revascularization, balloon angioplasty is pre-
ferred over stenting. There is some evidence that 
drug-coated balloon therapy may provide a lon-
ger-lasting benefi t. Revascularization of fi bromuscu-
lar dysplasia with ex vivo reconstruction and auto-
transplantation is an appropriate consideration for 
patients with distal renal artery stenosis or stenosis 
involving the segmental level vessel. Nephrectomy 
may be considered for patients with an atrophic kid-
ney and hypertension that is refractory to pharma-
cologic management.

ACE inhibitors or ARBs preferred
Hypertension in patients with renal fi bromuscular 
dysplasia is caused by a reduction in kidney perfu-
sion and the subsequent activation of the renin-an-
giotensin-aldosterone system. This dictates that the 
initial antihypertensive therapy for these patients 
be either an angiotensin-converting enzyme (ACE) 
inhibitor or an angiotensin II receptor blocker 
(ARB).32 When kidney perfusion is low, angiotensin 
II mediates a preferential increase in the resistance of 
the efferent arteriole. Starting an ACE inhibitor or 
an ARB blunts this normal autoregulatory response 
and causes a hemodynamically mediated decline in 
the GFR.33 However, despite the initial reduction 
in fi ltration in the stenotic kidney, the total GFR is 
usually maintained due to an approximately equiv-
alent increase in fi ltration in the contralateral kid-
ney. This is because blocking the vasoconstrictive 
effect of angiotensin II eventually decreases renal 
vascular resistance and ultimately preserves renal 
blood fl ow.34

 ■ CASE CONCLUDED

Our patient had an atrophic right kidney associated 
with a right renal artery stenotic lesion with lateral-
ization of renal function on split-function testing. She 
may have been a candidate for percutaneous translu-
minal renal angioplasty to preserve kidney function if 
her condition had been discovered earlier, before the 
kidney had atrophied.

Additional components in this patient’s case 
that we considered included the following: she had 
long-standing hypertension, she had not yet received 
optimal antihypertensive therapy, she did not have 
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intolerance to these medications, and she did not 
have refractory heart failure.

We explained the risks and benefi ts of revascular-
ization, with assistance from a vascular surgeon. The 
patient’s atrophic right kidney and diffuse stenosis of 
the right renal artery precluded her from undergoing 
revascularization. Instead, we initiated renin-angio-
tensin-aldosterone system blockade with an ARB. 
Amlodipine and hydrochlorothiazide were main-
tained for additional blood pressure control while 
hydralazine was discontinued.

The patient’s right-sided fl ank pain eventually 
improved during her hospitalization with conserva-
tive management with acetaminophen in combina-
tion with muscle relaxants. As mentioned previously, 
fl ank pain may be a manifestation of active renal 
ischemia in patients with renal artery stenosis or 
dissection prior to the development of kidney atro-
phy. However, this was less likely to be the cause of 
fl ank pain in our patient since there was no evidence 
of renal infarction on imaging, the right kidney was 
already atrophied indicating chronic rather than 
active renal ischemia, and her fl ank pain improved 
with conservative measures alone.

The patient was subsequently discharged home on 
an antihypertensive regimen consisting of losartan, 
amlodipine, and hydrochlorothiazide. The patient was 
provided with a list of warning signs for uncontrolled 
hypertension that would require immediate medical 
attention. Multidisciplinary follow-up appointments 
with specialists in vascular medicine and nephrology 
were arranged. Treatment goals included continued 
risk-factor reduction to maintain the function of her 
left kidney.

 ■ TAKE-HOME POINTS

• Renal artery stenosis refers to impaired blood fl ow to 
the kidney secondary to a renovascular lesion, which 
is most commonly caused by atherosclerotic disease. 
The most common nonatherosclerotic cause of renal 
artery stenosis is fi bromuscular dysplasia.

• Noninvasive diagnostic testing for renal artery 
stenosis (CT angiography, magnetic resonance 
angiography, duplex ultrasonography) should be 
pursued if there are clinical clues that suggest the 
patient’s hypertension may be due to renovascular 
disease.

• If the healthcare facility has expertise in duplex 
ultrasonography, this imaging study should be 
done for initial diagnosis of renal artery stenosis 
in patients with suspected renal fi bromuscular 
dysplasia. CT angiography is the imaging test of 
choice if ultrasonography experience is limited. 
For patients in whom duplex ultrasonography is 
not diagnostic, carbon dioxide digital subtraction 
angiography should be considered to diagnose and 
treat renal fi bromuscular dysplasia.

• Patients with renal fi bromuscular dysplasia can 
undergo renal artery revascularization if the proce-
dure is necessary to prevent progressive renal loss 
or to treat hypertension. ■
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